This study aims to retrospectively analyze the potential risk factors for uterine leiomyoma and prospectively examine whether these risk factors can increase the incidence of uterine leiomyoma.
Introduction
Uterine leiomyoma is one of the most common benign tumors originating from the female reproductive system, especially in women with the age 30 to 50 years old. [1] This disease is defined as benign tumors of smooth muscle cells in the uterus. Most patients can be asymptomatic, or nonspecific clinical manifestations, such as menorrhagia, pelvic pain, dysmenorrhoea, infertility, and recurrent abortion. [2] Currently, the main treatment for uterine leiomyoma is surgical removal, but this may impair the patients' psychological and physiological health to a certain degree. [3] Although great progress has been made on the management of this benign disease, the pathogenesis of uterine leiomyoma remains unclear. [4] It was reported that the incidence of uterine leiomyoma is on the increase with the process of aging. [5] For example, the prevalence of uterine leiomyoma in women aged over 35 years is 20%, which reaches 51.2% to 60.0% in women aged 40 to 50 years. Besides, it is well-acknowledged that uterine leiomyoma is an estrogen-dependent tumor. [6] Milk or soybeanrich diet is rich in estrogen-like nutrients, which may be associated with the development of uterine leiomyoma. [7] Thus, the identification of risk factors for uterine leiomyoma may help to prevent the occurrence of uterine leiomyoma, which could improve the general health of female population. However, most investigations on the risk factors for uterine leiomyoma were conducted in western countries, [8, 9] and things may be different in China. Here, in this study, we first performed a retrospective analysis on the risk factors for uterine leiomyoma, which were used to define the high-risk cohort. The incidence of uterine leiomyoma in the certain high-risk cohort was prospectively evaluated by long-term follow-up. Our data could provide new insight into understanding on the prevention of uterine leiomyoma.
Participants and methods

Participants
Female outpatients who attended the Department of Gynecology and Obstetrics in Shangqiu First People's Hospital from January 1, 2010 to December 31, 2010 were enrolled. All the subjects were women before menopause of Han nationality from Shangqiu. The diagnosis of uterine leiomyoma was made by imaging (transvaginal ultrasound examination) and/or pathological examinations. The demographical and clinical data were collected. All the participants including uterine leiomyoma patients (case group, n = 213) and nonuterine leiomyoma patients (control group, n = 1060) signed the written informed consent. Our study was approved by the Ethic Committee of Shangqiu First People's Hospital and the methods used were in accordance with relevant regulations. The flowchart of our study was shown in Figure 1 .
Questionnaire collection
A questionnaire was designed to collect related information and determine the risk factors for uterine leiomyoma based on the relevant literature. The questionnaires were filled by the participants when they were first enrolled and then in regular follow-ups. The contents of the questionnaire included general demographical characteristics, such as name, age, height, weight, and education; basic personal information, such as marital and reproductive history; present diseases; case history and family history; and living habits including smoking, drinking, and diet.
"Frequent smoking" was defined as the average of 4 cigarettes every week and "frequent physical exercise" was as at least 4 times every week. "Frequent alcohol consumption, frequent caffeine consumption, and frequent milk or soybean consumption" were referred to at least 4 times every week. The questionnaire was filled according to the own judgment of the participants on the average within the recent year.
Follow-up
All the participants in the control group were followed regularly every year. The final follow-up was conducted in December 31, 2015 and the follow-up period was 5 years. Physical examination and transvaginal ultrasound examination were conducted and the questionnaire was filled during follow-ups. The risk factor identified was used to define the high-risk group and the cumulative incidence of uterine leiomyoma was calculated every year.
Statistical analysis
All the statistical analysis was performed using SPSS 17.0 software (SPSS Inc., Chicago, IL). The continuous and categorical data were presented as mean (range) and percentage (%), respectively. Kolmogorov-Smirnov normality test was used to check the distribution of continuous variables. The differences between case group and control group were tested by independent student t test and chi-square test. Multivariable nonconditional logistic analysis was introduced to identify the risk factor associated with the onset of uterine leiomyoma. P value less than .05 was considered to be statistically significant.
Results
Demographical characteristics
In the year of 2010, a total of 1273 women attended the Department of Gynecology and Obstetrics in Shangqiu First People's Hospital. The diagnosis of uterine leiomyoma was confirmed in 213 women (case group) and other 1060 participants served as control group. The mean age in case group and control group was 35.6 (25-45) and 36.7 (25-48) years old, respectively (Table 1) .
Univariate and multivariate risk factors for uterine leiomyoma
Univariate analysis showed that no differences were found on the age, marital status, No. of pregnancy, complication of pregnancy, frequent physical exercise, frequent alcohol consumption, and family history of uterine diseases between two groups (all P > .05). Mean body mass index in case group was higher than that in control group (26.1 [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] vs 23.4 [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] ; P = .043). In addition, high school education (P = .041), frequent smoking (P = .030), frequent caffeine consumption (P = .019), frequent milk or soybean consumption (P = .025), and frequent oral contraceptive use (P = .034) were statistically correlated with the onset of uterine leiomyoma (Table 1) , which were further enrolled into the multivariate analysis. Multivariate analysis verified that frequent milk or soybean consumption (7.349 [5.081-9.454]; P = .039) and frequent oral contraceptive use (8.103 [4.486-12 .583]; P = .018) were the independent risk factors for the development of uterine leiomyoma ( Table 2 ). 
Follow-up
All the 5-year follow-ups were prospectively completed in 982 participants. The drop-off rate was 7.4% (78/1060). The overall cumulative incidence of uterine leiomyoma was calculated (Fig. 2) . The overall cumulative incidence of uterine leiomyoma was increased. The incidence of uterine leiomyoma was significantly increased in subjects with frequent milk/soybean consumption plus oral contraceptive use compared within the subjects with frequent milk/soybean consumption or oral contraceptive use alone, and neither of them. Based on the determination of the risk factors mentioned above, subgroup analysis was also performed. More patients with uterine leiomyoma were diagnosed in frequent milk or soybean consumption plus frequent oral contraceptive use combined group on a yearly basis (Table 3 ). These data supported that frequent milk or soybean consumption and frequent oral contraceptive use were obviously correlated with higher risk for uterine leiomyoma in premenopausal women.
Discussion
Uterine leiomyoma is one of the most common threats to women's health, which could greatly impair their life quality. [10] This study for the first time established a combination of retrospective analysis and prospective cohort to validate the potential role of risk factors for uterine leiomyoma. These findings could help to develop effective preventive measurements for developing this disease. Previous literature suggested that age might be considered as the most important risk factor for uterine leiomyoma, which could be explained by the increasing patient age, endogenous estrogen accumulation, changes in the immune system, and continuous exposure to environmental risk factors. [11] [12] [13] On the contrary, our study did not find that age was a risk factor associated with the development of uterine leiomyoma. The possible reason may be the insufficient sample size or the selected participants, for women who attended our outpatient department were enrolled in the year of 2010. Furthermore, no statistical differences were also found on the marital status as well as the number and complication of pregnancy (all P < .05).
There is no doubt that uterine leiomyoma is an estrogendependent benign tumor. Factors that could influence the function and level of estrogen within human body will be the potential candidate associated with uterine leiomyoma. Smoking, alcohol drinking, caffeine consumption, and physical exercise that are shown to be able to affect the metabolism of estrogen may influence the susceptibility to uterine leiomyoma in women. [14] [15] [16] [17] In this study, things were a bit different. We found that frequent smoking and frequent caffeine consumption could significantly increase the risk of uterine leiomyoma (both P < .05), while frequent physical exercise and frequent alcohol consumption were not statistically associated with the onset of uterine leiomyoma. Besides, frequent milk or soybean consumption or oral contraceptive use was also prone to be associated with a relatively high risk of uterine leiomyoma. It is well-known that milk or soybean are rich in animal or plant estrogen-like substance, which may exert estrogen-like functions. [18, 19] However, there is still a great controversy on the causal relationship between the use of oral contraceptives and the onset risk of uterine leiomyoma in previous publications. [20] One study proved that women who took oral contraceptives for a long time had a higher risk of uterine leiomyoma than those who did not. The other study indicated that women who took oral contraceptives for the first time at the age of 13 to 16 years old have a higher risk of uterine leiomyoma than those who never took, showing that early oral contraceptive use may contribute the high risk of uterine leiomyoma in such women. [21, 22] There were still limitations in our study. First, all the participants were from one single center and inpatients were not enrolled. Second, the consumption of alcohol, caffeine, cigarettes, and physical exercise was not quantified, which may Table 2 Multivariate analysis of the risk factors of uterine leiomyoma. Figure 2 . Cumulative incidence of uttering leiomyoma. Table 3 The incidence of uterine leiomyoma was increased during follow-up. 
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